Effects of Dietary
Protein and Energy on Growth Performance In a previous study, we demonstrated that tiger shrimp Penaeus monodon required 40% protein level producing maximum growth when reared in seawater.1) Protein is the largest part of the cost of prepared feeds. If insufficient non-protein energy is available (excess amount of protein in relation to the amount of energy), the excess protein is not used for growth but as an energy source.2,3) Several studies have shown that an adequate energy supply with dietary lipid can minimize the use of more costly protein is an energy source4,5) whereas excess energy may reduce feed consumption and thus reduce total protein intake.3,7-10) Therefore, it is critical to obtain the proper protein energy (P/E) ratio in a diet for the most economical production of shrimp. Reduction of excess protein in the diet will also reduce the amount of ammonia being excreted by the shrimp. In Taiwan, P. monodon is cultured in brackish water (around 16 ppt salinity) pond. However, due to recent increased conflict over the use of limited freshwater for aquaculture, the importance of seawater rearing practices for aquatic species including P. monodon has emerged.
This study was designea to determine the optimum protein to energy ratio (P/E) for tiger shrimp reared in seawater when dietary protein is optimum (40%)1) and suboptimum (36%). Two dietary protein levels, 40 and 36%, were used in the study. For each protein level, six energy contents of 280, 300, 320, 340, 360, and 380 kcal/100g diet were included to formulate 12 experimental diets. Each diet was fed to triplicate groups. The composition of the experimental diets and the proximate analysis of these diets are shown in Tables 1 and 2 , respectively. The moisture, crude protein, ether extract, ash, and fiber were determined by standard AOAC methods.11) Energy levels were adjusted by varying the ratio of carbohydrate to cellulose in the diets. The physiological values used for calculation of the energy level were 5 kcal/g protein, 9 kcal/g lipid, and 4 kcal/g carbohydrate.
The diets were prepared and handled as previously described.1) The shrimp were fed twice daily (half of the ration at 10:00-11:00 and the other half at 17:00-18:00) at a rate of 8% of the body weight per day. Each morning, before feeding, feces and other detritus in each aquarium were siphoned out and mortality was recorded. Whenever the shrimp were removed for weighing, the aquaria and the air stone were cleaned thoroughly. Water temperature and salinity readings were taken daily before the shrimp were fed. Table  4 . Table 3 . The effect of protein and energy levels on weight gain (%), feed conversion ratio (FCR), protein efficiency ratio (PER), and protein gain (g) of shrimp*1,2 The relationship between growth and dietary energy level of the present study is best expressed statistically by a second order curve (polynomial quadratic equation).18) When the growth rate ( Fig. 1 ) and protein gain (Fig. 2) were plotted against the dietary energy level, a growth peak was reached when dietary energy level was around 320 kcal/l00g in the 40% protein diet. Whereas, in the 36% protein diet, a peak was reached when the energy level was around 330 kcal/100g. Figures of 324% (weight gain) and 0.42g (protein gain) and 330% (weight gain) and 0.41g (protein gain) were obtained in the 40% and 36% protein diet, respectively. When the FCR was plotted against the dietary energy level (Fig.   3 ), the best FCR value was reached when the dietary energy level was around 310 kcal/100g in the 40% protein diet. Whereas, in the 36% protein diet, the best FCR was reached when the energy level was around 327 kcal/100g. ported that the addition of 10% supplemental lipid had an adverse effect on growth and survival. Forster and Beard16) also showed that 15% lipid was detrimental to the growth of Palaemon serratus. Deshimaru and Kuroki17) reported that improvements in the growth of Penaeus japonicus with the inclusion of polluck liver oil up to 6% of the diet, but inhibition occurred at the 12% level. In the present study, the lipid content was kept below 10% in each experimental diet (Table 1 ) and dextrin was used to adjust the energy level of each diet. Carbohydrate is the most economical energy source. There is little information for the carbohydrate nutrition of shrimp. 19, 20) The type and level of carbohydrate in the diet have been shown to affect the growth of P. japonicus, 21, 22) and P. aztecus.15) For P. monodon, Pascual et al.,23) observed significant difference between the type and level of carbohydrate in the diet on the survival of juveniles.
Alava and Pascual24) indicated that P. monodon utilized trehalose and surcose better than glucose.
Bautista25) has reported that the protein content of the diet could be reduced from 50 to 40% while maintaining an energy level of 330 kcal/ 100g diet. In his study, sucrose was used to adjust the dietary energy level. From the results in our study, the non-significant change in growth, FCR and protein gain shrimp reared in seawater despite reduction in dietary protein content from 40 to 36% while maintaining energy level of around 330 kcal/100g, suggests that protein may be spared by carbohydrate (dextrin) as long as the caloric requirements are met, thus permitting more efficient utilization of protein.
